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The Corrali tos Observatory Astronomical Television System 
Design Considerations 
The te lev is ion  system described i n  t h i s  report was intended t o  permit 
operation of an i m g e  orthicon tube w i t h  as s tab le  performnce as possible, 
and w i t h  t he  highest resolution compatible with f i e l d  operation, These re- 
quirements l ed  t o  the  following major design objectives: 
.% 
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1, The period of time during which an i m g e  i s  accumulating a s  
a stored-charge pat tern on the t a rge t  should be free of mgnet ic  dis-  
turbances from the  sweep f ie lds;  therefore,  t he  sweeps must be stopped 
before the photocathode is turned on and s t a r t ed  again af%er the  end 
of an exposure, 
2. I m g e  spreading after exposure and before the  end of the sub- 
sequent readout frame should be minimized by providing for cooled oper- 
a t ion  of the camera, 
3. Defocussing of t h e  i m g e  section i n  "standard" operation i 
(continuous exposure and consecutive readouts) should be avoided by 
using beam blanking ra ther  than blanking by pulsing the  t a rge t  mesh 
negative, 
1 black, but it a l s o  means that clamping, which must be done during the  
Beam blanking introduces a white reference-level instead of ~ 
I 
1 
J re t race  periods i n  order t o  m i n t a i n  t h e  s ignal  DC level ,  i s  accomplished 
during a time when there  i s  no beam noise present t o  cause t h e  clamp 
l eve l  t o  wander. 
4. Achievement of t he  highest v i sua l  resolut ion w i t h  eas i ly  
manageable bandwidths i n  t h e  video amplifiers plus t h e  requirement fo r  
a l te rna t ing  exposures and readouts i n  one mode of operation lead t o  an 
incompatibility between optimum scanning r a t e s  for best v isua l  presen- 
t a t i o n  and for  best  photographic resolution. Thus both t h e  horizontal  
A, 
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sweep speed and the  number of l i nes  per frame must be independently 
adjustable so as t o  allow these two conditions t o  be optimized empir- 
ical ly .  
t o  switch control of sweep speed, beam current, and t a rge t  voltage be- 
tween two s e t s  of controls so that the v i sua l  monitor m y  be viewed 
continuously a t  t he  optimum set t ings,  and the  photographic monitor m y  
be operated with a d i f fe ren t  set of scanning parameters when a p ic ture  
is t o  be recorded. Setup of t h e  photographic, or -7 Take mode thus adds 
t h e  requiremat  f o r  a mode switch that  allows the  system t o  be operated 
continuously i n  t h e  - Take mode f o r  setup, 
This conclusion leads i n  tu rn  t o  a requirement fo r  t h e  a b i l i t y  
5. The r e l a t ive ly  slow frame-rates implied trg alt ;emsting sweeps 
and erporrtlres, and by t h e  use of only 10 megacycles of bandwidth i n  t h e  
video amplifiers, imply that t h e  v isua l  monitor be equipped with a long- 
persistence screen t o  help reduce f l icker .  
information as present or future  iroage orthicons can produce under opti-  
mum conditions the photographic monitor mst use a high-resolution; i.e., 
short-persistence, phosphorj a lso,  t h e  highest-resolution cathode ray 
tubes a r e  of rather small s ize  and must be underscanned t o  avoid exces- 
s ive  pincushion dis tor t ion.  All these considerations l ed  t o  the use of 
two monitors rather t h a n  one. 
t C  
I n  order t o  display as much 
6. The desirable  feature  that t h i s  systembecapable of use a t  
low l ight- levels  as w e l l  as f o r  high-resolution work required that 
background interference i n  the video s igna l  be held as low as possible. 
The sl-iidi~ig circuits as%, thereforej  not introduce any unwanted noise, 
and t h e  sweep c i r cu i t s ,  par t icular ly  i n  the  camera but a l s o  i n  the  
monitors, mst not produce high-voltage flyback spikes o r  ringing i n  
the horizontal  def lect  ion e ir c u i t  s . 
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7. Maximum l inea r i ty  of the  output presentation is  required t o  
m i n t a i n  optimum resolution over t h e  e n t i r e  f i e ld ,  Also, t he  absolute 
l i n e a r i t y  of t h e  camera scan should be as high a s  possible so that the  
scanning speed and thus t h e  e f fec t ive  b e a m  current per element be con- 
s t an t  over t h e  whole f ie ld .  The same requirements f o r  constant dis-  
charge current lead t o  a sweep generator design i n  which the  sweep 
amplitude is fixed by reversing the scan at  f ixed upper and lower vol- 
t age  leve ls  ra ther  than depending on gain s t a b i l i t y ,  
nique eliminates t h e  problem of DC dr i f t  i n  the  integrators.  
The same tech- 
8, Overall s t a b i l i t y  requirements f o r  camera-tube electrode vol- 
tages  and of sweep waveform amplitudes call f o r  well-regulated power 
supplies f o r  a l l  c r i t i c a l  voltages. 
System Configuration 
The system consists of f i v e  mjor units:  t he  Camera Unit, t he  Sweep 
Control Chassis, the Camera Control Chassis, the  Photographic Monitor, and 
the V i s u a l  Monitor. I n  addition there  are regulated power supplies mounted 
i n  avai lable  space, an A-scope f o r  examination of the video waveform and f o r  
troubleshooting, a d i g i t a l  voltmeter indicating a l l  i m g e  orthicon electrode 
voltages, some power supply voltages, posit ion of t h e  Cassegrain telescope 
secondary mirror and t h e  posit ion of t he  camera r e l a t i v e  t o  i ts  mount, and 
camera and dome temperature, 
Camera - Unit: 
sh i e ld  wnicil i n  turlz is suspended w i t h  p l a s t i c  blocks inside an insulated 
enclosure, Around the  shield is  wound a copper tube which i s  t h e  exparislor, 
volume f o r  a Freon-22 cooling system; t h e  compressor un i t  i s  mounted under 
the  dome. The whole camera is  contained i n  an aluminum tube about eight 
inches i n  diameter and 18 inches long, 
The deflection assembly is  mounted i n  a Netic-co-Netic 
The rear  section is  constructed so 
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that t h e  preamplifier plugs d i rec t ly  i n t o  the  i m g e  orthicon socket, while 
t h e  def lect ion and beam-blanking c i r c u i t s  are mounted on pr inted-circui t  
boards i n  shielded compartments around the  cen t r a l  hole. The camera un i t  i s  
mounted on ball-bushing ways and i s  driven along t h e  op t i ca l  ax i s  by a motor- 
operated screw having a hel ipot  readout giving posi t ion t o  the nearest  hun- 
dredth of an inch. 
The def lect ion c i r c u i t s  are direct-coupled t o  t h e  def lec t ion  co i l s ,  and 
are of t h e  type which compare t h e  c o i l  current,  sampled with a smll r e s i s to r ,  
with t h e  input sweep waveform. Strong correction i s  continuously applied t o  
any error.  
t age  t o  within b e t t e r  than l$. 
The sweep current is  always proportional t o  t h e  sweep input vol- 
The video preamplifier contains a high-speed capacitance-cancelling 
connection which reduces t h e  output capacitance of t h e  image orthicon about 
tenfold;  gain of t h e  preamp i s  3.25, t h e  e f f ec t ive  t r a n s f e r  impedance being 
l30,OOO ohms, Equivalent input noise current i s  about 15 nanoamperes. The 
preamplifier drives a 75-ohm video cable, separate from t h e  camera cable, 
Sweep Control Chassis: The pr inc ipa l  groups of c i r c u i t s  on t h i s  chas- 
U I U  
t h e  exposure control  c i rcu i t ry ,  and t h e  Look-Take switching c i rcu i t ry ,  
+ha "*A* U.*.r-.r C T T n n n  =------2--- cwneratnrn; the shading and blanking waveform generators, 
The sweep generators consist  of analogue integrators ,  A constant cur- 
ren t  applied t o  t h e  input of t h e  horizontal  integrator  causes i t s  output t o  
rise l inear ly ,  u n t i l  an upper-voltage-detector is  activated.  A t  t h i s  point 
t h e  input current i s  switched t o  cause t h e  output t o  in tegra te  negatively. 
When t h e  i n t e g r a l  reaches the  lower voltage detection threshold, t h e  current 
is once again switched forward. The r e t r ace  current i s  always t h e  same; t h e  
forward-trace current is derived from 1% r e s i s to r s ,  switched from t h e  front  
panel by t h e  "Microseconds per Line" thumbwheel switches. Provision ex i s t s  
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f o r  in jec t ion  of external synchronizing pulses, but t h e  Horizontal Sweep 
Generator free-runs i n  no rm1  operation. 
The v e r t i c a l  sweep generator is i d e n t i c a l  i n  operation except that t h e  
forward-trace current cons is t s  of constant-amplitude, constant-width pulses 
generated during each horizontal  flyback period. 
t h e  input of t h e  v e r t i c a l  integrator  through l$ r e s i s t o r s  switched by t he  
These pulses a r e  coupled t o  
Lines per Frame" thumbwheel switches on t h e  f ron t  panel. The v e r t i c a l  sepa- W 
r a t ion  between l i n e s  is thus  independent of how often t h e  horizontal  sweeps 
occur or how long they take, and so, therefore ,  i s  t h e  number of l i n e s  per 
frame. 
pulse, there  i s  no j i t t e r  i n  line-position. 
m y  be delayed by in jec t ion  of a synchronizing s ignal ,  but t h i s  provision is  
not used i n  t h e  present system. 
Since the  v e r t i c a l  scan must always begin w i t h  a horizontal  flyback 
The start of a v e r t i c a l  frame 
Each sweep generator feeds a set of l ine-dr ivers  which provide low- 
impedance sweep waveform outputs a t  un i ty  gain f o r  t h e  two monitors and for 
t he  external input of the A-scope. 
Ver t i ca l  and Horizontal Size and Position Control, thus allowing front-panel 
adjustment of camera sweep s i z e  and DC position. The same scanning wave- 
forms are fed i n t o  a Shading Generator board which provides a combined ver- 
t i c a l  and horizontal  shading s ignal  under f r o n t - p n e l  control. 
They a l s o  provide sweep s ignals  t o  t h e  
A "Mode" switch on the  front panel allows t h e  system t o  be operated i n  
(1) Free-running, w i t h  continual exposure and continual repe t i -  three ways: 
t i o n  of scans; ( 2 )  t h e  "Look-Take" mode, i n  which sweeps a l t e r n a t e  with ex- 
posures, and depression of a "Take" button can produce one readout frame 
under a l t e r e d  scan conditions w i t h  t h e  photographic camera open; and ( 3 )  a 
"Take" mode i n  which the  second se t  of scan controls  i s  continually i n  e f f ec t  
f o r  setup of t h e  photographic monitor. 
a- 
b 
I n  t h  
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"Free-run" mode the  sweep ircuit re active but the  exposure 
control  boards are e s sen t i a l ly  aut  of t he  circuit, 
t h e  exposure cont ro l  group operates, 
I n  t h e  other  two modes, 
I n  t h e  "Look" mode the s t a r t  of a vertical flyback is t r iggered  by a 
f l ip - f lop  i n  the Delay 1 circuit and ac t iva t e s  clamping c i r c u i t s  i n  both 
sweep generators. 
a feedback current passes through forward-based diodes and prevents t h e  
sweep generator output from going more negative, 
pended as long as the  clamps are operative. 
When each sweep voltage reaches zero during the flyback, 
The sweep cycles are sus- 
As the  clamps are act ivated,  a delay (Delay 1) is  started; t h i s  i s  
front-panel adjustable from about 20 milliseconds t o  2 seconds. 
delay nothing at  a l l  happens because i t s  purpose i s  t o  permit spacing of very 
shor t  exposures, as f o r  instance when one is  doing time-lapse photography. 
A t  t h e  end of the  Delay 1 cycle t he  Precision Delay is i n i t i a t e d  and 
During t h i s  
power i s  appl ied t o  a mercury-wetted reed re lay  that connects the i m g e  
orthicon photocathode t o  the "Image FOCUS" voltage source ( i n  t h e  "Free-run" 
mode t h i s  r e l ay  i s  continually energized). 
an analogue integrator ,  t he  input current t o  which i s  switchable t o  three 
s igni f icant  f igures  by precis ion r e s i s t o r s  on a thumbwheel switch ("Exposure") 
through a range from one millisecond t o  99.9 seconds. 
capaci tor  m y  be switched through four decades by the  exposure range switch 
located on t h e  f ron t  panel. 
The Precision Delay consis ts  of 
The in tegra t ing  
The Precision Delay cycle terminates when the  in tegra tor  output vol- 
tage reaches 6 fixed level. 
generated, t h e  exposure relay is  de-energized, and t h e  end-of-exposure pulse 
en te r s  the "Look-Take" board. 
t h i s  pulse is routed t o  Delay 1, turning off  i ts  input f l ip-f lop.  
A t  termination an  end-of-exposure pulse is  
I f  the "Take" button has not been depressed, 
The 
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clamps are removed f 'romthe sweep generators, completing t h e i r  flybacks and 
generating one FUU. forward scant at t h e  end o f t h e  forward s c a n t h e  D e l a y  1 
f l ip- f lop  is once again turned on, and t h e  cycle repeats, 
If t h e  "Take" button has been depressed, several th ings  happen. F i r s t ,  
two relays are immediately energized, thereby t r ans fe r r ing  cont ro l  of sweep 
speed and l i n e s  per frame t o  a duplicate set of thumbwheel switches and 
r e s i s to r s ,  
board, and a duplicate set of Target Voltage and Beam Current controls comes 
i n t o  effect :  
and hence a change i n  e f f ec t ive  scanning charge per p ic ture  element ( s t r i c t l y  
speaking, t h e  video gain should a l so  be switched, but t h i s  was not done i n  
t h i s  system). 
end of t h e  following exposure t h e  end-of-exposure pulse now is  routed t o  
D e l a y  3 instead of reaching Delay 1 t o  reset i t s  fl ip-flop. 
A t  t h e  same t i m e  a voltage rea,ches t h e  Target and Beam Switch 
t h i s  i s  necessary t o  compensate f o r  a change i n  sweep speed 
The switching takes  place at  t h e  beginning of Delay 1. A t  t h e  
A t  t h e  start of Delay 3 power is  applied t o  a re lay  which opens t h e  
Nikon camera shutter.  Delay 3 has a smll range of front-panel adjustment, 
and serves t o  l e t  shu t t e r  vibrations d i e  away before a readout takes  place. 
A t  t h e  end of Delay 3 a reset pulse i s  sent  t o  t h e  Delay 1 fl ip-f lop,  and 
t h e  flybacks commence. I n  t h e  "Take" mode t h e  inverted "ve r t i ca l  pulse", 
present during forward scan as a negative voltage, i s  connected by the  
changeover re lays  t o  t h e  Delay 3 board w i t h  t h e  effect that as soon as t h e  
last half of t h e  flyback i s  completed, taking only 1.5 milliseconds, t he  
v e r t i c a l  pulse subs t i t u t e s  f o r  the  Delay 3 output i n  keeping t h e  camera shut- 
tzr apez. 
flyback starts, t h e  "Look-Take" f l ip-f lop being turned off by it; t h e  relays 
open, t h e  Nikon camera shut te r  closes and t h e  f i l m  automatically advances, 
and the  system returns  by i tself  t o  t h e  "Look" mode. 
The "Take'' morte au tomt ica l ly  terminates when t h e  next v e r t i c a l  
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If t h e  "Take" button is held dawn, or i f  t h e  system is operating i n  
t h e  "Take" mode, t h e  Mikon shutter will open a t  the  beginning of every Delay 
3 in te rva l  and r e W n  open f o r  t h e  readout f r a m e ,  Delay 1 m y  then be used 1 
t o  space t h e  exposures, the mininum allowable spacing being set by t h e  speed 
with which t h e  Nikon film can be advanced t o  t h e  next frame or about 1/2 
second, 
Camera Control Chassis: The camera cable connection is located a t  t h e  
back of t h i s  chassis; t h e  front panel holds a l l  camera electrode voltage 
controls, t h e  switch f o r  t he  d i g i t a l  voltmeter input connections, controls 
f o r  alignment and focus c o i l  currents for t h e  camera, and ca l ibra t ion  con- 
t r o l s  fo r  camera and telescope optical-focus readouts. 
A l l  t h e  norm1 i m g e  orthicon controls are present, t he  ta rge t  and beam 
controls being present i n  duplicate f o r  t h e  "Look" and "Take" modes. I n  addi- 
t ion ,  a l l  f i v e  dynode voltages a r e  controlled by f ront  panel knobs so that 
they nay be used e i the r  t o  maximize weak s igna ls  or as video gain controls 
for l a rge  signals. 
on t h i s  panel, a s  i s  a f i n e  control f o r  focus c o i l  current. 
are monitored by t h e  d i g i t a l  voltmeter, and a pair of rear-projection read- 
out devices displays a legend showing which voltage o r  current is  being indi- 
cated by t h e  voltmeter. The readouts are usef'ul when t h e  room is darkened 
o r  when one i s  not i n  a posit ion t o  read t h e  selector  switch markings. 
The f i n e  adjustment f o r  t h e  mult ipl ier  anode voltage is  
A l l  controls 
The Camera Control Chassis carr ies  t h e  voltage-divider r e s i s to r s  that 
s e t  t h e  ranges of t h e  various controls, as well as the  exposure relay and t h e  
phot.ngraphic camera relay. 
t o  t h e  Camera Control Chassis before proceeding t o  the  camera. 
amplif ier  is located on t h i s  chassis, i n  a small "Minibox" with BNC input and 
output connections. 
A l l  s ignals f r o m t h e  Sweep Control Chassis com 
The video 
This choice was dictated by t h e  f ac t  that the  more 
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t ,  
k 3  r: logical Sweep Control Chassis location already contained more c i r c u i t r y  than 
anticipated,  
V i s u a l e  Phcltographic Monitorst Electrically, these uni t s  are nearly 
I identical .  The chief differences a re  that i n  t h e  V i s u a l  Monitor, a 10-KV 
modular power supply run off l i n e  voltage is  used f o r  a 10-inch tube while 
i n  the Photographic Monitor a 20-KV modular power supply of t h e  same type 
is  powered from a constant-voltage transformer and a Variac, and operates 
a five-inch precision CItT, 
The def lect ion c o i l s  were selcted so t h a t  i den t i ca l  sweep dr ive c i r -  
cu i t ry  could be used, both pa i r s  being t h e  same as t h e  Camera def lect ion c i r -  
cuits. The video amplifiers have a gain of about f i v e  i n  each uni t  t o  pro- 
duce the necessary '('-volt signal (low-drive CKCS were used) f o r  each, The 
gain of t h e  v i sua l  monitor video amplifer was trimmed t o  produce similar 
displays on the  two monitors; a sa t i s fac tory  picture  on the  photographic 
monitor results i n  a sa t i s fac tory  picture  on t h e  v isua l  monitor, t h i s  being 
t h e  norm1 order of pr ior i ty ,  
Since i n  e i the r  the "Look-Take" mode or  t h e  "Take" mode t h e  sweeps are 
stopped for the duration of delays 1, 2, and ( i n  "Take" mode) 3, it is  neces- 
sary t o  blank both monitor beams t o  prevent burning t h e  phosphors while t he  
sweeps are stopped. The video s i g n a l ,  although it i s  clamped t o  a white 
reference voltage, i s  arbitrarily dropped t o  zero during the  flybacks by a 
s igna l  injected after t h e  clamps ( a l l  DC coupling after the  clsmps). Th i s  
drop i s  normally enough t o  provide blanking during continuous sweeps but 
i s  not enough Wiiieii t h e  sweeps s t c ~  e ~ t i r e l y ,  Therefore, the  horizontal  
deflection-current feedback signal, which is  jus t  l i k e  the  sweep waveform 
voltage, i s  different ia ted,  and a n  unblanking c i r c u i t  which is  located i n  
each monitor only allows the beam current t o  tu rn  on during a forward 
- 10- 
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I horizontal  sweep, Stopping the horizontal  sweeps fo r  any reason, then, 51 
! 
r e su l t s  i n  biasing the electron guns t o  cutoff i n  both monitors, 
blanking circuits are  a l s o  the sweepfai lure  fail-safe c i r c u i t s  s ince they 
These un- 
operate f r o m t h e  r e s i s t o r  which samples the  horizontal  def lect ion c o i l  cur- 
rent,  Loss of v e r t i c a l  sweeps f o r  considerable periods (no experiments 
concerned w i t h  mximm periods have been carr ied out, f o r  obvious reasons) 
w i l l  not r e s u l t  i n  darnage t o  t h e  screen. 
If either the  -150 vol t  supply which provides t h e  negative voltages 
f o r  control of brightness o r  t h e  +d+-volt supply which powers t h e  posi t ive 
half of t h e  photographic monitor sweep and a l s o  provides the  blanking poten- 
t i a l  t o  cut off t h e  CJE, should fa i l  at  the  same t i m e  t h a t  the sweep c i r c u i t  
fails, then t h e  fail-safe feature  of t he  unblanking c i r c u i t  would not work. 
Therefore, two relays a r e  incorporated i n  t h e  Photographic monitor chassis, 
one being act ivated by t h e  presence of -150 vo l t s  and the  other by presence 
of +14 vol ts ,  The 150-volt r e h y  contacts are i n  se r i e s  w i t h  t h e  +14-volt 
relay c o i l  while t he  + l b v o l t  contacts a r e  i n  se r i e s  with t he  focus current 
supply for the CIPp, 
photographic monitor loses  i t s  focus, resu l t ing  i n  a spot t oo  large t o  burn 
t h e  screen. 
precision C-W i s  protected i n  th i s  way-the $50 v i sua l  CHf w i l l  have t o  take 
If the re  is f a i lu re  of either of these voltages, t h e  
This multiple f a i l u r e  is  multiply unlikely,  so only t h e  $400 
i ts  chances, 
Each monitor has i t s  own Vert ical  and Horizontal Size and Position 
controls,  plus a Brightness control t o  operate gr id  number one (video dr ive 
The Nikon camera is mounted i n  f ront  of the Photographic Monitor on an 
aluminum f r a m e ,  i t s  posit ion being adjustable by a handcrank-driven screw. 
I& choosing the proper combination of camera distance and image size, t h e  
pincushion d i s to r t ion  inherent i n  t h e  precision CFP electron optics can be 
F 
I accurately compensated, over t h e  en t i re  field, by t h e  barrel-dis tor t ion intro-  
t 
ducad when the Nikon camera lens is  maunted on i ts  close-up extension rings. 
The optimum picture  s i z e  is  about 2-1/4 inches square, permitting a roax imum 
of 2250 scan-lines t o  be resolved since the  screen w i l l  resolve 1000 lines 
per inch, 
than t h i s  w i l l  be required, 
Without further system refinements it is unlikely that more l i nes  
The recording camera has an electricaUy-operated back holding 250 
exposures of 35-m film, double-frame picture  she.  
m t  allows space on each f r a m e  f o r  inser t ing  t i m e  and other informtion.  
When Plus-X film i s  used and when t h e r e i s  suf f ic ien t  picture  brightness fo r  
t h e  f/4,5 aperture  t o  be used, about 1500 scan-lines can be fu l ly  resolved 
by t h e  camera; response would be down about 5O$ a t  2250 l i n e s ,  
The square picture  for- 
r 
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I WARD 1: VERTICAL SWEEP GENERATOR 
FUNCTIONS: To provide t h e  ve r t i ca l  sweep drive 
vide t h e  v e r t i c a l  pulse waveform. 
CIRCUIT OPERATION: During the forward v e r t i c a l  
current pulses during horizontal  flyback enter  a t  Pin 
waveform, and t o  pro- 
sweep, 12-microsecond 
A, t he  input t o  the  
operational amplifier, Across t h e  operational amplifier,  from S t o  A, i s  
connected the  integrating capacitor. 
pos i t  ive-going, 
When the  s t a i r s t e p  reaches the l e v e l  a t  which diode D3 begins t o  con- 
duct, t he  f l ip - f lop  consisting of t r ans i s to r s  Q2 and &3 is  turned off: Q1 
ceases t o  conduct and Q2 begins t o  conduct. 
r i s e s  from the  negative supply voltage t o  about +6v. T h i s  is t h e  "ver t ica l  
pulse" used i n  various other places i n  the  c i rcu i t .  
The v e r t i c a l  pulse goes t o  the Sweep Speed board where it i s  amplified 
and diode-connected t o  a r e s i s t o r  that in j ec t s  a posi t ive current in to  the  
input of t h e  operational amplifier on t h i s  board. 
c a l  pulse goes posit ive,  t h e  output of the  operational amplifier begins t o  
go rapidly negative, If there  i s  no posi t ive voltage a t  point E (norml ly  
held close t o  B+), then D2 w i l l  conduct; and when t h e  output reaches zero, 
D 1  w i l l  conduct, preventing the  operational amplifer output from decreasing 
further:  t h i s  is the  sweep clamp. 
If point E is posit ive,  o r  i f  t h e  voltage is restored t o  a posi t ive 
potent ia l ,  the  output of t h e  operational amplifier w i l l  continue t o  drop be- 
low zero. When it reaches a suf f ic ien t ly  negative voltage, D4 w i l l  start t o  
conduct, turning on Q1; t he  col lector  current from Q1 goes t o  t h e  base of Q2 
where it turns  Q2 on and &3 off. The v e r t i c a l  pulse thus drops back t o  a 
negative potent ia l ,  and t h e  retrace current from the  Sweep Speed board i s  
turned off, 
i n t o  the  integrator,  beginning the  forward v e r t i c a l  scan again. 
(which prevents reverse breakdown i n  Q1) and t h e  base-emitter diode i n  Ql .  
R E  and Rl3 comprise a voltage divider adjusted t o  give equal posi t ive and 
negative swings of t he  output sweep waveform. The drop across the  germnium 
diode D3 compensates f o r  temperature changes i n  the  base-emitter diode of Q2, 
A s t a i r s t e p  waveform appears a t  pin S,  
The voltage on t h e  base of Q4 
Thus, as soon a s  the  ve r t i -  
The next horizontal  flyback period w i l l  produce a current pulse 
D5 and D6 are s i l i con  diodes t o  temperature-compensate the  drop i n  D4 
A -  
E -  
K -  
M -  
P -  
S -  
Z -  
- PIR CONIJECIIIONS: 
connected t o  junction of 
re lay that se lec ts  which 
r e s i s t o r s  i s  i n  effect  
clamp voltage input from 
B- 
Ground 
B+ 
connected t o  high end of 
timing capacitor and Look-Take 
par t icu lar  s e t  of lines-per-frame 
Delay 1 board 
timing capacitor and input t o  
Vert ical  E m i t t e r  Follower Board 
Ver t ica l  Pulse output connected t o  Sweep Speed board, b e a m -  
blanking generator on Beam and Target Switch board, one 
chaxemrer  relay contact, Look-Take board, Delay 1 board, 
Delay 3 board 
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FUNCTIONS: 
sweep generator boards, 
t h e  order of 10 ohms, 
To provide four low-impedance outputs f o r  each of t h e  two 
Gain is very nearly 1, and output impedance is  on 
C I R C U I T  OPERATION: The input waveform enters  Pin A, and goes through 
an RF i so l a t ing  r e s i s to r ,  Rg, t o  a l l  t h e  bases of Q1, Q2, &3, and Q4, 
s i s t o r s  Q 5 ,  Q6, Q7, and Q8 provide strong negative feedback t o  t h e  emitters 
of t h e  lower t r ans i s to r s ;  t he  capacitors a r e  necessary t o  prevent t h e  feed- 
back pair from osci l la t ing.  
vulnerable t o  shor t -c i rcu i t s  from output t o  ground. 
cu i t s  should always lead t o  an  immediate search f o r  a short  c i r c u i t  t o  ground 
or B'. 
Tran- 
Because of t h e  strong negative feedback t h e  upper four t r ans i s to r s  are 
Fai lure  of these c i r -  
The four outputs are a t  pins E, H, X, and Z, 
P I N  CONNECTIONS: Vertical:  
A - receives waveform from Ver t ica l  Sweep Generator, Pin S. 
E - output t o  BMC No, 1, Visual Monitor Ver t i ca l  Sweep cable. 
H - output t o  BNC No, 2, Photographic Monitor Ver t ica l  Sweep 
cable. 
X - output t o  BNC No. 3, Output t o  A-scope external v e r t i c a l  
input (through switch). 
Z - output t o  Ver t ica l  and Horizontal S ize  and Posit ion Board, 
Pin E, 
K - B- (same for horizontal)  
M - Ground 
P - B+ (same f o r  horizontal)  (same f o r  horizontal)  
Horizontal: 
A - receives waveform from Horizontal Sweep Generator, Pin S. 
E - output t o  horizontal  BNC No. 1, Visual  Monitor Horizontal 
Sweep cable. 
H - output t o  horizontal  BNC No, 2, Photographic Monitor Horizon- 
t a l  Sweep cable. 
X - output t o  horizontal  BNC No, 3, A-scope external horizontal  
input (through switch) 
Z - output t o  Ver t ica l  and Horlzoatal Size and Posit ion board, 
Pin U, 
R3, 6, 9 = 1.8K 
RI, = 1W 
R7=m 
m ,  2, 3 e i ~ 6 2 7  
QI, 3, 5 = a3646 or w7o6b 
92, L, 6 = a3638 or a 2 1 8 9  
. 
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BOARD 3: SHADR?G GETEEATOR AND MIXING AMPLIFIER 
FUNCPIONS: To generate two waveforms l i k e  t h e  sweep waveforms, but uni- 
formly adjustable  from mximum posi t ive t o  mximum inverse phase, through zero, 
and then t o  mix the resu l t ing  signals addi t ive ly  t o  provide a composite shad- 
ing signal. 
CIRCUIY OPERATION: Three operational amplif iers  a r e  used consis t ing of 
t r a n s i s t o r s  Q1 and Q2, &3 and Q4, and Q5 and Q6. 
Looking at  t h e  first amplifier, we see that QJ and Q2 cons t i tu te  a coni- 
plementary feedback pair, negative feedback being connected from t h e  collec- 
t o r  of Q2 through RlO t o  t h e  emitter of Ql. The po ten t i a l  a t  the  emitter of  
Q1 w i l l  be approximately zero voltage w i t h  t he  diode D1 i n  t he  base c i r c u i t  
nearly compensating t h e  base-emitter diode drop of Q1: 
perature s t a b i l i z a t i o n  for t h e  stage. 
potentiometers centered, t he  voltage a t  pin T i s  zero. I f  Q1 i s  changed, Rl 
must be adjusted. 
When t h i s  s tage is  balanced for zero vol tage a t  T, t h e  output voltage 
w i l l  depend on the  current injected i n t o  the  emitter of Q1 through Rl.3 from 
pin A. 
w i t h  about l/3 t he  amplitude, a t  pin T. 
shading potentiometer is  connected, w i t h  a r e s i s t o r  i n  series w i t h  one side 
t o  give equal shading voltage on e i ther  side of zero as the  pot i s  moved 
through i t s  fill range. 
waveform is applied a t  p in  C and its inverse appears a t  pin S. The zero- 
trimming r e s i s t o r  is  R4. 
connected t o  two input resistors t o  t h e  last stage,  R l g  and EO. Since the 
emitter of Q5 is held a t  ground poten t ia l  by the  negative feedback connection 
through R12,  t h e  currents  frorn R l 9  and R20 sum, and flow through the  poten- 
t iometer almost without dis tor t ion,  A t  p in  Z appears t he  composite shading 
s ignal ,  adjustable  by means of changing Rl.2, This s igna l  has a DC l e v e l  of 
approximte ly  zero vol t s ,  and R12 i s  adjusted t o  give j u s t  enough range of 
shading t o  meet the system needs. 
t h i s  i s  a l s o  the ten- 
R l  i s  selected so t h a t  with the input pin A grounded and, t he  shading 
Pin A receives t h e  sweep waveform, and the  inverted waveform appears, 
From pin A t o  pin T, externally, the 
The second amplif ier  (&3 and Q4) i s  the  same as t h e  first; the  sweep 
The two wipers of t h e  v e r t i c a l  and horizontal  shading controls  a r e  
-
A -  
C -  
K -  
P -  
S -  
T -  
V -  
X -  
Z -  
M*; 
- PIN CONNECTIONS: 
Ver t i ca l  sweep waveform from pin Z, Ver t ica l  Emi t te r  Fol- 
lowers and one s i d e  of v e r t i c a l  shading potentiometer. 
Horizontal sweep waveform from pin Z, Horizontal E m i t t e r  
Followers and one side of horizontal  shading potentiometer. 
B- 
Ground, 
B+ 
Remining end of Horizontal shading potentiometer. 
Remining side of Ver t i ca l  shading potentiometer. 
Wiper of horizontal  shading potentiometer. 
Wiper of v e r t i c a l  shading potentiometer. 
Shading output t o  pin 16 of amphenol 20-pin connector, and 
thence t o  shading input of video amplifier. 
I 
R13 4 i: I( 
m, 5 ,  30 = 2.2~ 
R2, 6 = 100 ohma 
R3, 7 = 3.8 u, 8 = L.7K 
R9 = 1CN 
Rll = 4% 
R12 = 6.81; 
Rl3 = 1oR Trimpot 
R14 = 2oK T&@ 
R15 = 333 
R16 = 1K 
R17 = 6.a 
me = 5.a 
M , ~ , L  = ~ N W  
‘3, L = 2lJ36b6 
9 2 , 3 , 5  = a3638 
C1 = 470 fl 
03 = T.I. 10 
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BOARD 4: sWFJ2P SPEED AND FiEfTRI1CE CONTROL 
FUNCTIONS: To produce t h e  re t race  current required f o r  both sweep gen- 
e ra tor  c i r cu i t s ,  and t o  generate a constant-duration, constant-amplitude 
pulse during each horizontal  retrace period f o r  stepping the v e r t i c a l  sweep 
voltage upward during forward scan. 
CIRCUIT OPERATION: Q1 and Q2 comprise a direct-coupled amplif ier  
receiving the horizontal  pulse from pin A, When t h i s  pulse goes posit ive,  
diode D 1  conducts (it prevents breakdown of Q1 and loading of t he  v e r t i c a l  
pulse generator while t he  pulse i s  negative); and Q1 turns  on t o  saturat ion,  
R4 l imi t ing  the current i n t o  t he  base of Q2 which a l s o  saturates. When the  
co l lec tor  of Q2 saturates ,  re t race  current reaches the  input of t he  horizon- 
t a l  sweep generator v i a  RI.1, Rl.3, and D3; D3 prevents RI.1 and R E  from af fec t ing  
t h e  horizontal  sweep generator during forward scan. 
edge of t h e  pulse t o  t h e  base of &3, turning &3 off. 
discharges enough t o  l e t  the  current from R15 enter  t h e  &3 base again. Thus 
the  &3 col lec tor  current drops abruptly t o  zero f o r  a short  period (about 12 
microseconds; the  horizontal  pulse is  about 30 microseconds long) and then 
rises quickly t o  a f e w  ten ths  of a v o l t  below ground, t he  &3 sa tura t ion  vol t -  
age. This is the pulse which is  integrated i n  t h e  v e r t i c a l  sweep generator 
t o  cause the  forward s t a i r s t e p  scan t o  appear. 
The potentiometer a 3  adjusts  t h e  horizontal  re t race  period indepen- 
dently of the forward scan rate; FCL4 adjusts the ca l ibra t ion  of the number of 
l i n e s  per  frame by varying slightly the  duration of t he  output pulse a t  H, 
The second amplifier consisting of Q4 and Q5 is e s sen t i a l ly  the same as the 
&1-Q2 amplifier; i t s  output provides t h e  r e t r ace  current f o r  t he  v e r t i c a l  
sweep generat or , 
A t  t he  beginning of the horizontal  pulse, Rl4 and C 1  couple t h e  leading 
&3 r e m i n s  off  u n t i l  C 1  
PIN CONNECTIONS: -
A - Horizontal pulse input from Horizontal Sweep Generator, Pin Y 
C - Vert ica l  pulse input from Ver t ica l  Sweep Generator, Pin Y 
H - forward scan pulses t o  re lay  contact which s e l e c t s  the  l ines-  
per- frame res is  t ors 
K - B'
P - B +  
M - Ground 
X - Retrace current t o  Ifiput of 
Z - Retrace current t o  Input of 
Pin A, 
Vert ica l  Sweep Generator, Fin A 
Horizontal Sweep Generator, 
0 
/ 
0 
/ 
I T 0  
Circuit Values : 
Refer t o  V Sweep Cen. Rt - Kot usd 
R2 - 1x. 
R 3  - 6.a 
R4 - 2.3 
R5 - 2.7K 
Rh - 18L 
R7, 8, 11 - 22E 
R10 - sw d e t d l  
R12 - 10% 
R1L - Not US& 
~9 - e . x  
~ 1 3  - 560 CRIIW 
mo ~ e - 1  
C& Collector wd 
c1, c2 - !!ot used I 
Transistors and Modes identical 
t o  those on Vert. Svp. Cen. 
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BOARD 6: HORIZONTAL SWEEP GEMEFNTOR 
FUNCTIONS: To produce a l inear  horizontal  sweep dr ive  waveform, and 
t o  provide t h e  horizontal  pulse waveform. 
CIRCUIT OPERATION: This c i r c u i t  is  t h e  same as that f o r  t h e  v e r t i c a l  
sweep generator except f o r  d i f fe ren t  res i s tance  values (chosen t o  minimize 
loading on t h e  operat ional  amplifier)  and a d i f f e ren t  operational amplifier,  
designed f o r  higher-speed operation than t h e  Burr-Brown u n i t  could produce. 
During forward scan generation t h i s  operat ional  amplif ier  receives a 
steady input current instead of a series of pulses; t h e  output, therefore,  
is  a smooth ramp instead of a s ta i rs tep.  
exactly l i k e  that of t h e  Ver t i ca l  Sweep Generator, upper and lower voltage 
levels being detected and used t o  switch o n a  f l ip - f lop  which i n  turn,  v i a  
t h e  Sweep Speed board, switches the  current entering t h e  integrator.  This 
current flows through t h e  "Microseconds per l i ne"  r e s i s to r s ,  being interrupted 
by a sepsrate sa tura t ing  amplifier s tage (see " A u x i l i a r y  Circui ts")  during 
horizontal  re t race  t i m e  so  that t h i s  r e t r ace  t i m e  w i l l  not vary with changes 
i n  duration of t h e  horizontal  sweeps, 
The operational amplif ier  for t h i s  sweep generator consis ts  of Ql, Q2, 
and a, as shown on t h e  diagralr labelled, "Horizontal Sweep Generator, Oper- 
a t i o n a l  A m p l i f i e r . "  
giving addi t iona l  current amplification. Since t h e  t o t a l  current amplifica- 
t i o n  is about 10,000, it i s  implied t h a t  very nearly a l l  of t h e  in tegra t ing  
current w i l l  flow through t h e  integrat ing capacitor and very l i t t l e  i n t o  t h e  
base of t h e  high-gain t r a n s i s t o r  Q1. Resistor R l  is adjusted (selected)  f o r  
minimum base current i n t o  Ql consistent with min ta in ing  a f u l l  voltage swing 
at  t h e  output. 
s taking DC balancing of t h e  operational amplifier. 
t h e  high-frequency ro l lo f f  of the amplifier f o r  s t ab i l i t y .  
The pr inc ip le  of operation i s  
Q1 and Q,2 comprise a d i f f e r e n t i a l  amplifier,  with &3 
The nature of t h e  sweep generator c i r c u i t  makes unnecessary any pain- 
Capacitor C1 adjus ts  
A -  
E -  
K -  
M -  
P -  
S -  
Y -  
- PIE? CONNECTIONS: 
Input t o  operational 
timing c a p w i t o r  and 
changeover relay,  
Clamp input from Pin 
B- 
Ground 
B+ 
amplifier,  connected t o  one end of 
common contact on one s ide  of sweep 
U, Delay 1 Board 
Output of onerational amplifier,  connected t o  other end of 
timing caFacitorandPin A, Horizontal emitter followers, 
Horizontal p l s e  output, t o  Horizontal Flyback Cutoff c i r -  
cuit  switches, beam blanking generator on Target and Beam 
switching board, Vide0 amplifier,  Sweep Speed and Retrace 
S a r d .  
~ 3 ;  12 - i.2 RQ, 17 - 820 b s  
13 - Len: RS), 18 -lK c1, 3 - 3 3 w  
R!j - I&' R14 -2.Z. c2. L - 1w 
93, 5 ,  8, 10 - 2N3638 
I HCRIZChTAL AKD WRTXCAL SIZE Ala PCSITIQI I 
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BOARD 7:  VERfICAL AND HORIZOEPAL SIZE AKLl POSITION CONTROL (cAF4ERA) 
FUNCTIONS: To provide ver t ica l  and horizontal  sweep waveforms t o  t h e  
camera uni t ,  var iab le  with respect t o  amplitude and DC level. 
CIRCUmt OPEFATION: Trans i s to r s  Q1, Q2, and &3 form one operational 
amplifier,  and Q6, Q7, and Q8 form a second. From pin H ( input)  t o  p in  A 
(output) i s  connected the  Ver t ica l  Size potentiometer; from pin W ( input)  
t o  p in  X (output) is  connected the  Horizontal Size potentiometer, both con- 
nected as rheostats. 
p l i e s  DC ground reference t o  one d i f f e r e n t i a l  input of each amplifier,  and 
cons t i tu tes  part of the voltage-division network for determining s ize ,  t'ne 
other part being the  "Sl3e" potentiometer on t h e  f ront  panel. 
In to  pin E comes the  v e r t i c a l  sweep waveform, and in to  U, the  horizon- 
t a l  waveform. Both are reduced i n  s i z e  by a voltage divider  ( R 6  and R5, and 
R15 and Rl.4) t o  l i m i t  the mximumamplitude of waveform. 
wiper of a potentiometer connected from B+ t o  B- (Ver t ica l  Posit ion),  and 
Pin T goes t o  the  wiper of a similarly connected potentiometer (Horizontal 
Posit ion);  these  are the posit'ion controls, which bias the  operational 
amplif iers  pos i t ive  or negative. 
two compound emitter followers like those on the compound emitter follower 
boards. 
arid t he  v e r t i c a l  sweep (Q4, Q5) i n  t he  camera un i t  through long coaxial  
cables. 
short-circui ts ,  t h e  pr inc ipa l  victims of an  overload being Q5 and Q10, pos- 
s ibly followed by Q4 and Q9. 
various feedback amplif iers  t o  prevent osci l la t ion.  
The 2.2K r e s i s t o r  t o  ground a t  each input ( H  and W )  sup- 
Pin G goes t o  the  
The outputs of t he  two operational amplif iers  (pins  C and X )  go t o  
The outputs of these c i r c u i t s  dr ive  the  horizontal  sweep (Qg, QlO) 
Again, these outputs, being of low impedance, are vulnerable t o  
Capacitors C1,  C2, C3, and C4 adjus t  t h e  high-frequency r o l l o f f  of t he  
A -  
C -  
E -  
G -  
H -  
K -  
M -  
P -  
T -  
U -  
W -  
X -  
Z -  
- PIN CONNECTIONS: 
Ver t i ca l  sweep output t o  camera, Ver t ica l  BWC NO. 4 
One side, v e G i c a l  posi t ion pot; a l s o  tes t  point f o r  output 
of v e r t i c a l  operational amplif ier  
Input from pin Z, Vert ical  Emitter Follower board 
Wiper, Ver t ica l  Position potentiometer 
Ver t ica l  Size pot, wiper 
B- 
Ground 
B+ 
Wiper, Horizontal Posit1 on potentiometer 
Input from Horizontal Emitter Follower Board, pin Z 
Wiper, Horizontal Size potent ioaeter  
End, Horizontal Size potentiometer 
Horizontal Sweep output t o  camera, Horizontal BNC No. 4 
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BOARD 8: CLclMp AND DEUY ONE 
nrmcTIONS: To clamp t h e  v e r t i c a l  and horizontal  sweeps t o  zero during 
flyback, and t o  generate a pulse output a var iab le  t i m e  af%er the  i n i t i a l  
posi t ive r ise of t h e  v e r t i c a l  pulse. 
The leading edge of t h e  r i s i n g  v e r t i c a l  pulse, j u s t  
a t  t h e  beginning of t he  v e r t i c a l  re t race  t i m e ,  is capaci t ively coupled t o  t h e  
emitter of Q2, 
of Q2 t o  t h e  emitter of t h e  unijunction t ransmi t te r  without imposing a DC load 
or a capaci t ive load on it. The emitter voltage of Q2, norml ly  lower than 
t h e  f i r i n g  point due t o  t h e  DC l e v e l  derived from Fi3, R5, R6, and R7, rises 
high enough t o  t r i g g e r  t h e  uni  junction. 
drops nearly t o  zero, carrying the  emitter voltage nearly t o  B- potent ia l .  
and keep Q.3 turned on; therefore ,  Q4 is  on and t h e  voltage at  U i s  nearly B+; 
i n  t h i s  cond i t im  t h e  clamps on each sweep generator, t o  which U i s  connected, 
are inactive. 
The Q3 col lec tor  is  diode-coupled t o  t h e  Delay 1 timing capacitor, which 
i s  externally connected from X t o  ground, The Delay 1 potentiometer, a l s o  ex- 
ternal, goes from t h i s  same point t o  pin S through a 5.6K l imit ing r e s i s t o r  
t o  B+. 
of ground, 
off &3. 
t h e  v e r t i c a l  sweep voltage t o  zero, where the  diodes across  t he  sweep timing 
capaci tors  s top  the  sweep: t h e  v e r t i c a l  pulse, therefore ,  remains pos i t ive  
s ince t h e  sweep voltage cannot drop t o  t h e  negative poten t ia l  required t o  
tu rn  it off  , 
connecting diode D4 and allowing the  external timing capacitor t o  charge 
through t h e  external Delay 1 potentiometer toward B+. 
has no current flowing i n  it u n t i l  i t s  emitter voltage i s  high enough t o  t r i g -  
ger Q6, t h e  second unijunction. 
t o  zero, and Q 5  f inds t h e  bottom end of i t s  emit ter  r e s i s t o r  t i e d  suddenly t o  
ground: it conducts accordingly and i t s  co l lec tor  voltage drops abruptly due 
t o  t h e  current flowing through Rg. 
edge of t h i s  drop. Since very l i t t l e  base current is  drawn when Q5 begins t o  
conduct, t h e  timing capacitor is not disc-mrged enough t o  allow Q6 t o  drop out 
of conducti.on, s o  t h e  c i r c u i t  s tays  i n  t h e  f i n a l  state u n t i l  reset. 
t o  t h e  Precision Delay board, i n i t i a t i n g  t h e  exposure of the  image orthicon. 
i t s  i n i t i a l  conditions: t h e  sweeps are unclamped t o  f i n i s h  t h e i r  flyback, and 
t h e  t iming capacitor i s  discharged. 
CIRCUIT OPEFATION: 
The resu l t ing  current pulse is coupled through t h e  co l lec tor  
The emitter-to-base-one voltage then 
Before Ql fires, R 7  brings the  anode of D3 pos i t ive  enough t o  conduct 
Q3, however, holds t h e  capacitor discharged t o  within about 0.9 v o l t s  
When t h e  unijunction f i r e s ,  its emitter drops i n  potent ia l ,  turning 
This allows Q4 t o  t u rn  off, and the  voltage at U drops along with 
When &3 i s  turned off ,  its col lector  voltage rises quickly t o  B+, dis-  
Q5, an emitter follower, 
When Q6 fires, t h e  resis tance from emitter-to-lower-base drops nearly 
C2 sharpens and exaggerates t h e  leading 
The pulse out of pin Z, t he  sudden negative c?rop, is  capacit ively coupled 
A negative pulse i n t o  Pin E turns  off  &1 and r e s e t s  t h e  e n t i r e  board t o  
PIN CONNECTIONS: -
A - Ver t i ca l  Pulse input from Pin Y, Ve r t i ca l  Sweep Generator 
E - Reset input from Look-Take Board and from Dehy Three board 
K - B- 
M - Ground 
P - B+ 
S - wiper of Delay One potentiometer 
U 6 Clamp inputs of horizontal  and v e r t i c a l  sweep generators (Pin 
E on both) 
X - End of Delay One potentiometer, pos i t ive  and of timing 
capacifvor (other end t o  ground) 
Z - pulse output t o  Precision Delay board, pin A 
I 
1 
I 
I 
! 
I 
I 
i 
1 
I 
i 
I 
i 
i 
I 
I 
~ 
I 
i 
1 !
I 
I 
I 
i 
! 
A 
D5 
7 
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BOARD 9: PRFICISION DEUY AND EXPOSURE COEI%CROL 
3"CTIONS: 
t h e  Delay 1 in te rva l ,  and t o  tu rn  it off  after a control led interval .  
To t u r n  on t h e  i m g e  orthicon photocathode at  t h e  end of 
CIRCUIT OPERATION: Q1 and Q2 const i tue a complementary f l i p - f lop  which 
i s  normally off. The co l lec tor  of Q1 is severa l  v o l t s  negative s o  that D 1  
is  conducting and D3 is conducting. The Burr-Brown operational amplif ier  
output w i l l  be clamped at  about +7.5 v o l t s  by D4 and El, feeding current 
back t o  t h e  input t o  l i m i t  t h e  posi t ive rise caused by t h e  negative voltage 
on t h e  QJ collector.  
Pin A and, v i a  C l a n d  R2, tu rns  on Q1 and Q2. 
t i v e  disconnecting D 1  and switching of f  t h e  clamp Dh and Dz1. 
ren t  through t h e  back-biased D3 i s  minimized by t h e  clamp diode D2. 
Between H and S is connected a s e t  of four switc-hable timing capacitors 
( t h e  Exposure Multiplier switch), and from H t o  B+ t h e r e  is  a var iab le  resis- 
t o r  switched by thumbwheel switches ( the  Exposure switch). 
determine t h e  rate a t  which t h e  output of t he  operat ional  amplifier goes 
negative beginning when Q1 turns  on. 
reaches about -7.5 vol t s ,  diodes D5 and I332 conduct, turning off Q2 and hence 
turning t h e  f l i p - f lop  off  again. 
During t h e  t i m e  that t h e  f l ip - f lop  i s  on a s l i g h t l y  negative voltage 
is  present a t  outputs X and Z: 
output rises posi t ive,  and th i s  r i s e  is w h a t  t r i g g e r  t h e  next events, con- 
t r o l l e d  by t h e  Look-Take board. 
t r a n s i s t o r  (see Auxiliary Ci rcu i t s  diagram) w i t h  i t s  emitter t i e d  t o  B; 
thus,  t he  t r a n s i s t o r  i s  on only during the  exposure time when t h e  Pin X 
vol tage is zero. This t r z n s i s t o r  operates both t h e  exposure-indicating lamp 
and t h e  exposure relay i t s e l f ,  a mercury-wetted reed re lay  i n  the  Camera 
Control chassis. A t  t he  end of t h e  exposure cycle when the  output of t h e  
operat ional  amplifier reaches -7.5 vol t s  and tu rns  t h e  f l i p - f lop  of f ,  t h e  
c i r c u i t  resets i tself  t o  t h e  i n i t i a l  conditions. 
A t  t h e  end of t h e  Delay 1 period a negative-going s t e p  i s  applied t o  
The Q1 col lec tor  rises posi- 
Leakage cur- 
These components 
When t h e  operat ional  amplif ier  output 
a t  the  end of t h e  exposure period t h e  Pin Z 
The Pin X output goes t o  the  base of a PNP 
A -  
H -  
K -  
M -  
P -  
S -  
X -  
Z -  
PIN CONNECTIONS: -- 
input negative s t ep  from Pin Z ,  Delay One board. 
connection t o  low end external- timing capacitor switch, and 
t o  l o w  end thumbawheel exposure r e s i s t o r  switches 
B- 
Ground 
B+ 
high end, and switch common, for exposure timing capacitors 
output t o  base of PNP t r a n s i s t o r  f o r  switching l i g h t s  and 
exposure re lay  
end-of-exposure pulse t o  Pin A, Look-Take board 
C 
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BOARD 10: DELAY 3 AND N E O N  CAMERA CONTROL 
FUNCTIONS: To open t h e  s h u t t e r  of t h e  Nikon camera, provide a delay 
f o r  vibrat ions t o  set t le  down, and t o  reset t h e  Delay 1 board i n  t h e  "Take" 
mode . 
CIRCUIT OPERATION: The input voltage a t  Pin A from the  Look-Take board 
goes pos i t ive  br ief ly  a t  t h e  end of an exposure. 
capacitor C1 i n  about 0.1 millisecond and turning off unijunction Q4. 
i n  t u r n  s tops t h e  current through Q2, tu rns  off  Q3, and turns  of f  Q6. 
Q6 turns  of f ,  t h e  base of Q7 is biased pos i t ive  and t h e  output a t  Z rises; 
t h i s  output operates the  relay tha t  opens the  Nikon camera shutter.  
Capacitor C 1  begins t o  charge through t h e  f ixed R 1  and an ex terna l  
potentiometer connected from pin C t o  B+, t he  Delay 3 control. When t h e  
emitter of Q2 reaches t h e  f i r i n g  poten t ia l  of t h e  unijunction Q4, Q2 begins 
to draw current suddenly and &3 i s  turned on. The posi t ive going pulse i s  
capaci t ively coupled v ia  C3 t o  Q8, t h e  co l lec tor  of which drops nearly t o  
t h e  B- potent ia l ,  turning o f f  t h e  first unijunction on the  Delay 1 board and 
r e se t t i ng  Delay 1 t o  allow t h e  flybacks t o  continue and a frame of readout 
t o  occur. 
i n  t h e  c i r c u i t ,  one contact of t he  changeover re lays  connects t h e  v e r t i c a l  
pulse t o  pin T. When &3 tu rns  back on after t h e  delay and t h e  sweep c i r c u i t s  
are released from clamp v ia  Q8, Q6 a l s o  turns on and brings the  output a t  
pin Z back toward zero. The RC t i m e  constant a t  t h e  base of Q7, however, 
holds Z pos i t ive  j u s t  long enough for the  v e r t i c a l  flyback t o  reach i ts  lower 
l i m i t  which is  t h e  point a t  which the  v e r t i c a l  pulse drops negative (it has 
been pos i t ive  s ince t h e  i n i t i a t i o n  of Delay 1). 
Q5 off  and allowing R7 t o  pull t h e  emit ter  of Q5 and t h e  base of Q6 negative. 
Q6 i s  turned off again, therefore ,  about 1.5 milliseconds a f t e r  t h e  termi- 
nat ion of Delay 3 so  the  output a t  Z i s  brought posi t ive again holding t h e  
Nikon camera shut te r  open. 
A t  t h e  termination of t he  next readout frame the  v e r t i c a l  pulse once 
again goes pos i t ive  turning Q5 on and allowing the  camera shut te r  t o  close. 
Normlly, t h e  changeover re lays  w i l l  drop out and pin T w i l l  be connected t o  
B+ a t  t h i s  point i f  t h e  "Take" button i s  not, again depressed, and the  Nikon 
camera shut te r  w i l l  r e m i n  closed as t h e  Delay 3 c i r c u i t  receives no fur ther  
inputs  i n  t he  'lLOok" mode. 
Q1 conducts, discharging 
T h i s  
When 
While the  system is  i n  t h e  "Take" mode, t h e  only t i m e  t h a t  Delay 3 i s  
Now it drops negative turning 
A -  
C -  
H -  
K -  
M -  
P -  
T -  
Z -  
PIN COiuTJECTIONS : -
Input pulse from Pin C, Look-Take 
Low ena, Delay 3 potentiometer (other end and wiper t o  B+) 
Reset pulse t o  Pin E, Delay 1 board 
B- 
Ground 
B+ 
Vertical pulse from c n n t . ~ c t  OR c h a r ~ m - ~ e r  reiay 
Output t o  re lay for  Nikon camera shut te r  
cp 
E 
C 
n 
R l  -22CK 
R2 - 4 . z  
WP6,12,13 - 1K 
U-8.2K 
R5 - 6.S 
R7-22K 
R8,9 - 1M 
R10 - 1 . S  
R11 - loDK 
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I . -  BOARD 12: LQOK-TAKE CONTROL 
FUNCTIONS: To switch from t h e  "Look" condition t o  t h e  "Take" condition 
when t h e  "Take" button i s  pressed by re-routing t h e  r e se t  pulse t o  Delay 1 v ia  
Delay 3 instead of d i r ec t ly  f romthe  Precision Delay, and by applying power 
t o  t h e  changeover re lays  and t h e  Target and Beam switch board. 
C I R C "  OPEFUTION: Q 1  and Q2 cons t i t u t e  a complementary f l ip-f lop.  
Ver t ica l  pulses are always present a t  p in  X; they are d i f f e ren t i a t ed  and t h e  
posi t ive going spike is applied t o  t u r n  off  Q2 a t  i ts  base. 
so the re  is  no negative spike at  the  end of t h e  Ver t ica l  Pulse. When t h e  
"Take" button is  held down, t h e  turn-off spike occurs as usual  but t h e  DC 
v e r t i c a l  posi t ive pulse i s  coupled t o  Q 1  t o  t u r n  t h e  f l i p - f lop  on again: 
it w i l l  not t u rn  off  u n t i l  t h e  next pos i t ive  pulse occurs a t  t h e  start of t h e  
next v e r t i c a l  flyback and then only i f  t h e  "Take" button i s  not s t i l l  
depressed. 
Before t h e  ''Take" button i s  depressed, t h e  positive-going s t e p  a t  Pin 
A, mrking  t h e  end of t h e  Precision Delay, i s  different ia ted:  t h e  spike is  
applied t o  '€38 and R10. Q 4  and Q 5  a c t  t o  short  out t h e  spikes, but only one 
can be on a t  a t i m e  as they are driven by opposite co l lec tors  of Q 1  and Q2. 
I n  t h e  no rm1  condition, Q 1  and Q 2  are of f ,  s o  that Q 5  is  conducting and Q 4  
i s  not: 
capaci t ive coupling i n t o  Q6. 
and s ince Pin H is connected t o  the  unijunction emitter a t  t h e  input of 
Delay 1, Q 6  a c t s  t o  r e s e t  Delay 1 immediately after t h e  end of t h e  Precision 
Delay. 
now Q 4  conducts and Q5 is  off. 
but instead appears a t  Pin C, t h e  output t o  Delay 3. 
bringing pin Z nearly t o  B+ potential:  
ac t iva t e s  t h e  sweep changeover re lays  and which enters  t h e  Beam and Target 
Switching board t o  t r ans fe r  control of t a rge t  voltage and beam current. 
Rl i s  la rge  
t h e  spike, therefore ,  i s  stopped a t  Q 5  and bypasses Q 4  i n t o  t h e  
The co l lec tor  of Q6 b r i e f l y  comes nearly t o  B-, 
A f t e r  t h e  "Take" button is depressed Q 1  and Q 2  r e m i n  conducting, but 
The spike is  stopped from rese t t i ng  Delay 1 
A f t e r  depression of t h e  "Take" button, Q 8  is  driven pos i t ive  by Q2,  
th i s  is  t h e  voltage output which 
- PIN CONNECTIONS: 
A - end-of-delay pulse from Precision Delay, Pin Z 
C - end-of-delay pulse output t o  Delay 3, Pin A ("Take" condition) 
H - end-of-delay pulse t o  r e s e t  input of Delay 1, Pin E ("Look" 
condition) 
K - B- 
P - B+ M - Ground 
V - v e r t i c a l  pulse input from Pin Y, Ver t ica l  Sweep generator 
X - v e r t i c a l  pulse input through "Take" switch ( n o r m l l y  open) 
Z - output power t o  co i l s  of changeover relays,  and plus voltage 
t o  pin A, Beam and Target Switching board 
i 
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BOARD 13: BEAM AND TAEET SWITCHING: BE~AM BLANKING AMPLIFIER 
FUNCTIONS: To apply voltage either t o  t h e  Look Beam Control or t o  t h e  
Take Beam Control a t  t h e  same time applying voltage t o  t h e  Look Target Con- 
t r o l  or t h e  Take Target Control, and t o  produce a composite blanking output 
waveform f o r  dr iving t h e  camera Beam Blanking board. 
CIRCUIT OPERATION: I n  t h e  "Look" mode p in  A ca r r i e s  zero voltage so  
The co l lec tor  current from Q5 tu rns  on Q1 and Pin 
Pin C i s  connected t o  one end of t h e  
Q6 i s  off and Q5 i s  on, 
C is  brought nearly t o  B+ potential .  
"Look" Beam Control potentiometer, t h e  other end being grounded, The wiper 
of t h i s  potentiometer is  connected t o  Pin X, 
Pot i s  thus reproduced a t  t h e  junction of D3 and Db which i s  the  output, a t  
Pin S. D3 and Dh prevent reverse breakdown i n  Q2 and &3 emitter followers, 
and Dland  D2, as w e l l  as D5 and I%, compensate both f o r  t h e  voltage drops 
and f o r  temperature changes i n  t he  output emitter c i r c u i t s  of Q2 and Q3. 
has no voltage applied t o  it; i n  fact ,  it has a negative voltage on it because 
both Beam potentiometers are connected t o  the high end of t h e  two t a rge t  
potentiometers, t h e  other  ends of which go t o  B-, t h e  wipers being diode- 
coupled t o  t h e  t a r g e t  l i n e  t o  t h e  camera. Q3 i s  not conducting and D4 is  
open. 
While the  Look-Take f l ip - f lop  is  on, a pos i t ive  voltage appears a t  Pin 
A turning on Q6 and turning off  65. 
voltage applied whi le  t h e  "Look" potentiometer does not. 
wiper voltage from pin Z which i s  coupled t o  t h e  output, pin S, 
connected t o  t h e  lower end of the Grid One potentiometer so the  voltage here 
serves as a f i n e  adjustment on G1. 
t h e  camera, In to  pins V and T come t h e  v e r t i c a l  and horizontal  pulses so 
that t h e  output of the emitter follower, on pin R, i s  pos i t ive  during ve r t i -  
c a l  o r  horizontal  flyback t i m e .  
c u i t  i n  t h e  camera shut t ing of f  t h e  beam during flyback. 
The voltage from t h e  Look Beam 
When Q1 is conducting, Q4 i s  not so t h a t  t h e  "Take" Beam Potentiometer 
Now t h e  "Take" Beam Potentiometer has 
&3 receives the  
Pin S i s  
Q8 and Q9 comprise a compound emitter-follower dr iving a cable up t o  
This output dr ives  t h e  beam blanking c i r -  
A -  
C -  
K -  
M -  
P -  
N -  
R -  
S -  
T -  
V -  
PIN CONNEmIONS: -
output from Pin Z ,  Look-Take board: zero i n  rtLook" condi- 
t ion ,  pos i t ive  i n  "Take" condition 
output t o  Pin 9, Amphenol 20-pin connector, and thence t o  
high s ide  of "Look" Beam potentiometer and "Look" Target 
potentiometer 
B- 
Ground 
B+ 
output t o  Pin 1, Amphenol 20-pin connector, and thence t o  
high s ide  of "Take" Beam potentiometer and "Take" Target 
potentiometer 
beam blanking waveform t o  P i r  6, 20-plii Amphenol connector, 
and thence t o  lower end of G1 potentiometer 
beam voltage t o  Pin 15, Amphenol 20-pin comector,  and thence 
t o  lower end of G 1  potentiometer 
v e r t i c a l  pulse from Pin Y, Ver t ica l  Sweep generator 
horizontal  pulse from Pin Y, Horizontal Pulse generator 
R l  - 12K 
R2 - 2.71. 
R 3  - 170 ohia 
U - 16 T b p t  
p.5 - 560 & 
R6 - 2. 
R 7  - In: 
C1 - 0.01 ufd 
m - 11:m 
D2 - 11772 
D3 - lli?lU (fast) 
Q1 -a3616 
92,3 - a2190 
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UNBLANKING AND FAIL-SAFE (BOTH MONITORS) 
FUNCTIONS: To provide a signal f o r  cu t t ing  off t h e  video amplifier 
by forcing i ts  output t o  maximum pos i t ive  po ten t i a l  during horizontal  fly- 
back, and producing t h e  same resul t  i n  t he  event of loss  of sweep current 
i n  t h e  horizontal  yoke, as occurs during exposures i n  t h e  "Look" and "Take" 
modes. 
CIRCUIT OPERATION: Pin A is  connected t o  t h e  current-sensing r e s i s t o r  
i n  the horizontal  sweep dr iver  c i rcui t .  
C 1  charges l i n e a r l y  yielding a constant current i n to  t h e  emitter of Ql. 
This current reduces t h e  base current i n t o  Q2 and cuts  it off (cutoff  adjust-  
ment i s  R4). 
a t  a l l  sweep speeds. 
If t h e  sweep fails, o r  during t h e  flyback period, t h e  t r ans i s to r  Q1 
conducts and t h e  output voltage goes posi t ive a t  Z, t h e  amount being l imited 
by feedback through D2. 
f i e r  w i l l  be driven t o  mximm posi t ive output; s ince t h e  CRT i s  cathode- 
driven, t h e  C K l  i s  cut off. 
During t h e  forward sweep capacitor 
The output voltage a t  t h e  co l lec tor  of Q2 drops nearly t o  B- 
A s  long as t h e  output i s  pos i t ive  t h e  video ampli- 
PIN CONNECTIONS: 
A - input from current-sensing r e s i s t o r  of Horizontal Sweep 
Board, Pin Z 
K - B- 
M - Ground 
P - B+ 
Z - output t o  monitor video amplif ier ,  Pin A 
-
I I  
R1 - 5.6 I( R 7  - 2.m C l  - 1 2 0 g T r i P l  
R2 -1.z Ra - 1.5Kp a m -law 
R3-82ohm R9 - 3.6 Ql - W36L6 
r 4 - 6 8 o c h  R10, l l  - 221: CP - a3251 
R5 - 75 dm I$ Q3 - m356 
R 6 - l O O h  QL - m3Q6 
R12 - 1K 
WBIITCR ylwo W i H L  AND UIlBI*NKING 
3 
R12 
t l l  
Q= 
MONITOR VIDEO AMPLIFIER AND UNBLANKING AMPLIFIER (BOTH MONITORS) 
FCTNCTIONS: To inver t  and amplif'y t h e  video s ignal ,  and t o  a m p l i o  
t h e  unblanking voltage f r o m t h e  Unblanking and Fai l -safe  board t o  cut off  
t h e  CRT i n  t h e  event of sweep fai lure ,  
CIRCUIT OPERATION: The video s igna l  from t h e  Main Video Amplifier 
enters  t h e  BNC connection a t  t h e  left .  It i s  coupled t o  t h e  emitter of t h e  
t r a n s i s t o r  Q1, which i s  half of a complementary feedback pair w i t h  Q2. 
and determine t h e  high peaking; t h e  gain is  approximtely t h e  r a t i o  of 
R7/R4, o r  4.0. 
a sa t i s f ac to ry  range of brightness, t he  input s igna l  required i s  about 1.5 
v o l t s  . 
about 1 v o l t  below ground a t  the  Q4 base. 
t h e  unblanking generator is  negative; during flyback, or  when t h e  sweep is  
stopped, point A is approximately a t  ground po ten t i a l  or s l i g h t l y  posi t ive,  
so  t h a t  Q3 conducts. The Q3 col lector  current enters  t he  base of Q2 turning 
it on t o  saturation. The Q2 col lector  and t h e  output t o  t h e  CRT cathode are 
thus brought t o  about t h e  B+ potent ia l ,  blanking t h e  CRT. Only horizontal  
blanking is  used s ince the  v e r t i c a l  sweep waveform is not su i tab le  for d i f -  
f e ren t i a t ion  and because t h e  CRT can operate f o r  a considerable period w i t h  
hor izontal  scan only without burning t h e  screen. 
C 1  
Since f i v e  t o  seven v o l t s  are required t o  dr ive  t h e  CIZT through 
&3 and Q4 comprise an emitter-coupled d i f f e r e n t i a l  amplif ier  referenced 
During the  forward scan pin A from 
PIN CONEJECTIONS : -
A - unblanking s igna l  from Unblanking and Fai l -safe  board, Pin Z 
BNC - ( l e f t  on diagram) video input from Main Video Amplifier 
K - B- 
P - B+ M - Ground 
BNC - ( r i g h t  on diagram) video output t o  CRT cathode pin 
R1 - 3.31: 
R2 - lotrm non-inductive, 1W R7 - 1c 
RS,? - See T e x t  R3 - 3.3 
Ql,? - a2191 
- a1299 
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HORIZONTAL YOKE DRIVER (CAMERA AND BOTH MONITORS) 
mTPJCTIONS: To compare t h e  current waveform through t h e  horizontal  
def lect ion c o i l  with t h e  input sweep waveform, and t o  correct  any errors.  
CIRCUIT OPERATION: Q1 and Q2 comprise a d i f f e r e n t i a l  amplifier; t h e  
input sweep waveform is applied t o  one base and t h e  current feedback f r o m t h e  
yoke, sampled by a 1-ohm non-inductive r e s i s to r ,  t o  t h e  other. 
of Q2 carries a current proportional t o  t h e  e r ro r  between sweep voltage and 
feedback voltage: 
bases of t h e  complementary power amplif ier  consisting of high-frequency 
power t r a n s i s t o r s  Q5 and Q6. 
t h e  output t r a n s i s t o r s  pos i t ive  as t h e  &3 col lec tor  current declines below 
100 milliamps. 
t ion ;  r e s i s t o r s  R8 and R 9  l i m i t  t h e  current and prevent t h e r m 1  runaway. 
I n  t h e  monitors a current of only about 2 amperes peak-to-peak i s  
required. so R8 and R 9  are 2-watt carbon r e s i s t o r s  mounted on t h e  board and 
brought out t o  terminals C and E for one r e s i s t o r ,  and Y and Z f o r  t h e  other. 
I n  t h e  camera which requires  4 amperes peak-to-peak of dr ive current t h e  
r e s i s t o r s  are &le 10-watt resistors heat-sinked t o  t h e  camera body, and 
are not on t h e  board. 
The two power supplies a r e  by-passed t o  a l o c a l  ground a t  t h e  camera 
w i t h  capacitors of 31,500 microfarads (plus  supply) and 10,000 microfarads 
(minus supply); t h i s  prevents l a r g e  c i rcu la t ing  currents  from generating 
in te r fe r ing  voltages between camera and console ground. I n  addition, extra  
series inductance i s  added t o  t h e  leads from t h e  relevant power supplies 
(14A200+ and PRM-24-8 ) . 
The co l lec tor  
t h e  error-current is  amplified by &3 and applied t o  t h e  
Q4 is  a constant-current source f o r  driving 
R6 biases  t h e  output t r a n s i s t o r s  t o  avoid crossover d is tor -  
PIN C O l V " I O n T q  - N W INDICATED ON DIAGRAM: -
Parentheses ind ica te  carnGa board connections 
A -  
Z -  
P -  
M -  
K -  
Horizontal Sweep waveform from Ver t ica l  and Horizontal S ize  
and Posit ion board, pin Z, o r  Horizontal Emitter Followers, 
pin E or  H. 
low end, Horizontal Deflection C o i l  
B+ 
Ground 
B- 
t 
C 
c 1 - 5 w  
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VERTICAL YOKE DRIVER (CAMEM AND EQTH MONITORS)  
FIINCTIONS: 
i n  t h e  def lect ion co i l ,  and t o  correct any errors.  
To compare the v e r t i c a l  sweep waveform w i t h  t h e  current 
CIRCUIT OPERATION: E s s e n t i a l l y  similar t o  that of t he  Horizontal 
Yoke Driver except that an 820-ohm r e s i s t o r  is  used i n  place of the  constant- 
current source. Lower current t r ans i s to r s  a r e  used as t h e  def lect ion cur- 
ren ts  required are no more than 250 milliamperes. 
PIN comcTIoNs: -
A -  
c -  
E -  
K -  
M -  
P -  
w -  
l o w  end, v e r t i c a l  def lec t ion  yoke 
high end, v e r t i c a l  def lec t ion  yoke 
emit ter  of heat-sinked 1046 
B- 
l o c a l  ground 
B+ 
base of heat-sinked 1046 
i 
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BEAM BLAJKCNG AND VIDEO POWER SUPPLY F I L T E R  (CAMEXA) 
FUNCTIONS: To amplify t h e  composite blanking s igna l  f o r  appl icat ion 
t o  the image orthicon electron-gun cathode, and t o  add f i l t e r i n g  t o  t h e  B+ 
power for  t he  camera preamplifier. 
CIRCUIT OPERATION: The blanking waveform i s  amplified by Q1 which is  
The co l lec tor  of Q2 reproduces t h e  input blanking waveform, but 
e i the r  cut of f  or saturated. Diode D1 disconnects t h e  base of Q2 when Q1 is  
saturated. 
t h e  pos i t ive  (cutoff)  amplitude is  determined by t h e  B+ voltage; t h e  lower 
l e v e l  (beam on) i s  t h e  sa tura t ion  voltage of Q2. 
f romthe  B+ l i n e  before it reaches t he  preamplifier. 
R5 and C1 remove noise 
P I N  CONNECTIONS : -
2 - blanking output voltage t o  1.0. electron-gun cathode 
3 - B +  
4 - Ground 
5 - beam blanking input from pin R, Target and Beam Switching 
6 - B+ t o  camera preamplifier board 
BNC 
RI - ~.7 neC 
R2 - 22w 
R3 - 22W. 
RL - 1 K  
R5 - 330 ohma 
R6 - 820 ohms 
R7 - 471; 
Re - LT. 
R9 - 1.R 
R10 - 1OK 
R11 - 22 ohma 
R12 - le% 
R13 - 1 0  ahms 
C1 - 0.005 d d ,  3KV 
C2 - 12 d d ,  1OV 
c3 - 0.01, boov 
CL - 0.011, 6oov 
c5 - IO - 20 p~ (pddng trim) 
C6 - 0.001 d d ,  1KV 
C7 - 0.005 d d ,  75V 
Ql - 213117 
42 - 21Pll lB 
43 - 2 N 3 W  
Q4 - 213638 
R1L - 150 &S m -1~627 
9. - L a ,  1% 
- 28- 
PREYNPLIFIER AND LINE DPmE (CAMEM) 
FlMCTIONS: To amplif'y t h e  s igna l  f romthe  image orthicon, t o  cancel 
a port ion of t h e  output capacitance of t h e  tube, and t o  dr ive a 75-ohm l i n e  
with t h e  resu l t ing  video signal. 
CIRCUIT OPERATION: Q l a n d  Q2 comprise a feedback Rmplifier pair ,  t h e  
gain being about equal t o  R5 / (R5  + R 4 ) ,  or 1.3 times. 
t h e  high-frequency components o f t h e  output s igna l  back t o  dynodes D3, D4, 
and D5 with t h e  main electrodes contributing t o  t h e  output capacitance of 
t h e  1.0. anode. Since t h e  feedback is  posit ive,  a capacitance bridge i s  
formed and much of t h e  output capacitance is e f fec t ive ly  cancelled. Addi- 
t i o n a l  t r i m  of t h e  cancellation e f fec t  i s  achieved by t h e  small capacitor, 
C5, which goes from output t o  input of t h e  preamp. 
plugged in to  t h e  socket t h e  preamplifier w i l l  o s c i l l a t e  because of t h e  posi- 
t i v e  feedback. 
fo r  an  ove ra l l  preamplifier gain of about 3.25 times. The output goes 
d i r e c t l y  in to  a 75-ohm l i n e  separate from t h e  camera cable. 
stage. 
1.0. socket. 
~ 6 ,  C4, and C3 couple 
Without an irnage orthicon 
Q3 and Q4 comprise a second feedback pair giving a gain of about 2.5 
Rl1 and C7 prevent feedback from t h e  l i n e  dr ive s tage i n t o  t h e  f i r s t  
The preamp i tself  i s  b u i l t  i n t o  a sm11 can mounted d i r ec t ly  t o  t h e  
 OUT^ LEAD CONNECTIONS: (Including those socket leads not on diagram) 
R1 - 75 o h r  1% 
R3 - 2.2K 
R4,7 - 160 c h  
R5 - 47 ohm 
R7,? - €20 ohm 
R10,13 - 470 ohm 
R11 ,I5 - 1 .a 
R12,14 - 1 K  
C1 -100ufd 
C3 - 100 ufd 
C4 - 0.1 ufd 
C5 - 100 ufd 
R2 - Ste  Text Re - 3.3K C2 - Sea Text 
R16 - 100 
% -See Text 
C6 - See text 
VIDEO WPLIFIER AND C U ! P  
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V I D E 3  AMPLIFIER AND CLAMP 
FUNCTIONS: To amplify t h e  video s igna l  from t h e  camera preamplifier, 
t o  clamp t h e  s igna l  during flyback t i m e  t o  a control lable  DC level ,  and t o  
produce an output i n to  a 75-ohm l i n e  which is forced t o  zero during flyback. 
CIRCUIT OPERATION: Q1 is a n  emitter follower driving t h e  feedback ampli- 
The gain of t h i s  pa i r  i s  about 19, and t h e  f i e r  pair consisting of Q2 and a. 
rise-time is measured a t  0.03 microseconds with a Tektronix 535A oscil loscope 
having a rise-time of 0,022 microseconds. 
peaking components ( R 5  and C2) i n  t h e  c i r cu i t .  
times . 
&3. Capacitor ~6 is  selected t o  be t h e  smallest that w i l l  permit operation 
without ringing, overshoot, or osc i l l a t ion  with t h e  peaking components con- 
nected; i n  a t y p i c a l  model it w i l l  be about 10 pf. 
The peaking components for  use w i t h  t h e  preamp of t h i s  system were 
selected t o  be about 47 ohms and 0.003 microfarads, giving an RC t i m e  con- 
s t a n t  of 0.14 microseconds. This  is, therefore ,  t h e  approximte rise-time 
of t h e  preamplifier output signal.  
jected in to  t h e  amplif ier  a t  t h e  Q2 emitter, It should be selected t o  give 
t h e  minimum shading s igna l  required so as t o  minimize t h e  poss ib i l i t y  of 
noise being introduced. The shading component i n  t h e  s igna l  a t  t h e  63 col- 
l e c t o r  i s  approximtely R8/Rs t i m e s  t h e  input shading signal. 
coupled amplification, it w i l l  have no f ixed DC reference level.  T h i s  l e v e l  
i s  introduced by clamping t h e  r igh t  s ide  of C 4  t o  a f ixed DC reference vol t -  
age by means of t h e  clamp c i r c u i t  consisting of Q6, Q7, and Q8. 
horizontal  flyback pin 1 is driven posi t ive by t h e  horizontal  pulse, and t h e  
emitter-follower Q8 pu l l s  i t s  emitter and one end of R15 posi t ive by t h e  same 
amount. Q7 conducts when t h e  horizontal  pulse becomes more posi t ive than the  
voltage a t  t he  Q7 base from pin  2 and dr ives  Q6 in to  conduction. 
emitter becomes t i e d  t o  t he  Q7 emitter by diode Dk and s ince t h i s  point i s  
connected t o  C4, C 4  is  e i the r  charged or discharged t o  t h e  value s e t  by the  
DC voltage a t  p in  2, This clamp i s  released a t  t h e  end of t h e  flyback period 
s o  that Q6 turns  of f  and D 4  disconnects; now there is  no DC load on C 4  except 
that from t h e  Q4 base. 
Q4 and Q5 comprise a feedback pair having uni ty  gain; t h e  feedback 
path, however, i s  through diode D3. When the horizontal  pulse appears, t h e  
emitter of Q8 is  t i e d  t o  t he  emitter of Q4 through diode E6 and brings the  
Q4 emitter t o  a l e v e l  more posi t ive than t h e  base, thus turning Q4 off. 
ac t ion  turns  Q5 off a l s o  and w i t h  the  feedback path being broken by D3, t he  
co l l ec to r  of Q5 drops t o  ground poten t ia l  tor the  duration of t h e  flyback 
period. 
f lyback i n  s p i t e  of t h e  f a c t  t ha t  the  clamping i s  referenced t o  the white 
s igna l  l e v e l  and due t o  t he  fact t.kx,-k %hc Imge orkhicon beam current is 
turned of f  during flybacks. 
C 5  t o  prevent feedback t o  earlier stages, 
going t o  t h e  monitors. 
Rise-time is measured without t h e  
Overall gain is  about 18.5 
The r e s i s t o r  R2 is  s e l e c t e d t o  give about +2 v o l t s  a t  t h e  co l lec tor  of 
The r e s i s t o r  labe l led  "RS" determines t h e  amount of shading s igna l  in- 
Since t h e  s igna l  a t  t he  col lector  of &3 r e s u l t s  from a capac i t i veu -  
During 
The Q6 
This  
Thus, t h e  video s igna l  d rops toa"b la&er than  black" l e v e l  during 
Q9 is a n  emitter follower, i s c l a t ed  by X l 6  and 
This s tage dr ivas  a 75-ohm l i n e  
0' 
A 4 
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PIN CONNECTIONS: Note: the  numbered leads are brought out t o  a 7-pin 
- c  
header on the "Minibox" i n  which t h e  video amplif ier  is  housed. 
BNC connector is  on the  end of a short  length of RG/59U cable so tha t  i t s  
shield i s  not grounded except at  c i r c u i t  ground. 
B+ l i n e  should be connected t o  the  circuiL-approximtely at  t h e  physical 
locat ions shown on t h e  diagram i n  order t o  keep c i rcu la t ing  currents  from 
t h e  last stages out of t he  first stage. 
The output 
Both c i r c u i t  ground and t h e  
Pin 1 - horizontal  pulse i n ,  from Pin Y, Horizontal Sweep Generator 
Pin 2 - DC l e v e l  in ,  from wiper of Dc l e v e l  cont ro l  (bypassed w i t h  
Pin 3 - Ground 
Pin 4 - shading input 
Pin 5 ,  7 - not used 
Pin 6 - B+, from Sweep Control power supply 
47 microfarads) 
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AUXILIARY CIRC'ITITS 
lWJCTIONS: To ac t iva t e  t h e  exposure re lay  control l ing i m g e  orthicon 
photocathode voltage and t o  reaove scanning current from t h e  horizontal  
sweep speed r e s i s t o r s  during flyback so as t o  prevent changes i n  scanning 
speed from changing t h e  flyback t i m e .  
CIRCUIT OPERATION: 
a. Exposure Light and Relay Circuit :  This c i rcci t ,  is located on a terminal 
s t r i p  that a l s o  supports t he  mposure l igh t .  
from pin X, Precision Delay, which is  pos i t ive  except during an exposure. 
The negative drop i n  t h i s  voltage i s  coupled through an output r e s i s t o r  i n  
t h e  Precision Delay, and turns  on Q1. The &1 collect>or goes through a 
lamp bulb (24-volt type) t o  B-,and a l s o  through the  Amphenol 20-pin connector 
t o  t h e  c o i l  of t he  rnwmxy-wetted reed relay,  t h e  contacts of which a r e  i n  
series with the  photocathode voltage. 
r en t  t o  t r ans fe r  i t s  contacts and a negative current to re lease  them: 
negative current is provided by t h e  lamp resistance. It a l s o  keeps the  lamp 
warmed s l i g h t l y  (not enough t o  generate v i s i b l e  l i g h t )  and improves t h e  lamp 
response f o r  shor t  pulses, 
b. Horizontal Flyback Cutoff: This c i r c u i t  is  located on a terminal  s t r i p  
next t o  t h e  horizontal  sweep speed switches. 
s i d e  of both sets of resistors. 
during a horizontal  flyback pulse t h a t  enters  a t  point A, Q2 i s  a l s o  on and 
t h e  voltage a t  point C is nearly B-. When a horizontal  pulse comes along, 
it turns  off Q l ,  and hence Q2, and t h e  voltage a t  point C rises t c  ground 
po ten t i a l  i n  a few ten ths  of a microsecond. Since t h e  input of t h e  Horizon- 
t a l  Sweep operational amplif ier  operates near&- a t  ground potent ia l ,  t h i s  
rise removes nearly a l l  t h e  e f f ec t  of t h e  horizontal  switch s e t t i n g  during 
t h e  flyback period, 
Pin A receives t he  voltage 
This re lay  requires  a pos i t ive  cur- 
t h e  
Point C i s  connected t o  one 
When Q1 is  on, which is a l l  t he  t i m e  except 
CONNECTIONS : Exposure Light and Relay Circui t  
A - input fron: Precision Delay c i r cu l t ,  pin X 
C - Pin 8, Amphenol 20-in connector, and thence t o  1 ,O .  Exposure 
D - Ground Relay 
P - B+ 
CONNECTIONS: Horizontal Flyback Cutoff 
A - horizontal  pulse, from pin Y, Horizontal Sweep Speed Generator 
C - t o  one end of both sets of Horizontal Sweep Speed r e s i s to r s  
K - B- 
3% 100 K 
I 
IMAGE FCCW CONTROL 
. T 1 
YY Y Y 
.I I I 
I.(. FCCUS COIL 
CONTROL 
CHASSIS - 
Rdoo in 
+1000V 
-24V 
-150 v 
+14 v 
Foo C o i l  
?ec C o i l  
Fa: C m t  
F a  C m t  
6.3 vw 
6.3 v a ~  
Ground 
Nikm 1 
Nikam 2 
Nikca 3 
b115 vac 
b115 vac 
H Input 
v input 
BK: 
T p p e h  
A 
Q 
B 
R 
C 
P 
D 
I 
J 
y. 
L 
n 
Ac 
W P  
Ac 
&P 
BNC 
BNC 
8 
2 
7 
4 
5 
11 
12 
3 
6 
10 
- 
- 
- 
Ac 
c F420 or P-to k2??’p 
- 
Reop 20 Kv 
Ac 
-P 
- 
WWER ‘-,CRT H i g h - V o l t a g O  
SWPIS lead. ’ 
BNC 
(Shlrldd) BNC . 
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CHANGEOVER REMY COlYTSXcTIS1vS 
Relay 1 is  ac t iva ted  while the  Took-Take" f l ip - f lop  i s  on; t h a t  i s ,  
after i n i t i a t i o n  of a "Take" mode frame cr while t h e  "Mode" switch i s  i n  t h e  
"Take" mode. 
t h e  button i s  released o r  t h e  "Mode" switch i s  returned from "Take" t o  
"Look-Take. '' 
t o  t h e  Delay 3 board i n  order t o  hold the  camera shut te r  open during t h e  
readout period. The other contacts switch t h e  ''Look" and "Take" indicator  
l i g h t s  ( indicat ing which set of sweep-control switches is i n  operation),  
and switch Changeover Relay 2 on i n  t h e  "Take" mode. 
Changeover Relay 2 switches control of sweep speed f r o m t h e  "Look" 
thumbwheel switches t o  t h e  "Take" thumbwheel switches when it i s  energized. 
It releases  on t h e  beginning of t h e  next v e r t i c a l  flyback after 
One set of contacts of Changeover Relay 1 connects t h e  v e r t i c a l  pulse 
